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10.5). An examination of the valve with transesophageal
echocardiography should be performed to determine the
mechanism of the MR. If there is a structural abnormality such
as prolapse or flail, the valve should be repaired or replaced.
Ischemic MR due to LV remodeling and apical tenting of the
leaflets can be very dynamic and may respond to acute
hemodynamic management in the operating room by increas-
ing or decreasing in severity according to changes in afterload
and LV size. Patients with severe ischemic MR should
undergo MV repair or MV replacement (see Sections 3.6.5 and
7.3.1.3). Controversy exists as to whether patients having
CABG surgery with moderate or mild MR should undergo
MV repair as well. However, the hemodynamic effects of drugs
received during surgery often lessen the severity of the MR,
and mild intraoperative MR may increase postoperatively.
Hence, it is reasonable to perform MYV repair when there is
moderate and, in many cases, mild MR detected on intraop-
erative transesophageal echocardiography.

9. MANAGEMENT OF PATIENTS WITH PROSTHETIC
HEART VALVES

The results of valve surgery with regard to survival, func-
tional class, valve function, and complications are dependent
on patient related factors, cardiac function, type of surgery,

type of prosthesis, and medical comorbidities (857).

9.1. Antibiotic Prophylaxis
9.1.1. Infective Endocarditis

All patients with prosthetic valves need appropriate antibi-
otics for prophylaxis against infective endocarditis (see

Section 2.3.1).
9.1.2. Recurrence of Rheumatic Carditis

Patients with rheumatic heart disease continue to need
antibiotics as prophylaxis against recurrence of rheumatic
carditis (see Section 2.3.2).

9.2. Antithrombotic Therapy
Class 1

1. After AVR with bileaflet mechanical or Medtronic
Hall prostheses, in patients with no risk factors,*
warfarin is indicated to achieve an INR of 2.0 to
3.0. If the patient has risk factors, warfarin is
indicated to achieve an INR of 2.5 to 3.5. (Level of
Evidence: B)

2. After AVR with Starr-Edwards valves or mechanical
disc valves (other than Medtronic Hall prostheses),
in patients with no risk factors,” warfarin is indicated
to achieve an INR of 2.5 to 3.5. (Level of Evidence: B)

3. After MV replacement with any mechanical valve,
warfarin is indicated to achieve an INR of 2.5 to 3.5.
(Lewvel of Evidence: C)
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4. After AVR or MV replacement with a bioprosthesis
and no risk factors,” aspirin is indicated at 75 to 100
mg per day. (Level of Evidence: C)

5. After AVR with a bioprosthesis and risk factors,”
warfarin is indicated to achieve an INR of 2.0 to 3.0.
(Lewvel of Evidence: C)

6. After MV replacement with a bioprosthesis and risk
factors,” warfarin is indicated to achieve an INR of
2.0 to 3.0. (Lewvel of Evidence: C)

7. For those patients who are unable to take warfarin
after MV replacement or AVR, aspirin is indicated in
a dose of 75 to 325 mg per day. (Level of Evidence: B)

8. The addition of aspirin 75 to 100 mg once daily to
therapeutic warfarin is recommended for all patients
with mechanical heart valves and those patients with
biological valves who have risk factors.* (Level of
Ewvidence: B)

Class Ila

1. During the first 3 months after AVR with a mechan-
ical prosthesis, it is reasonable to give warfarin to
achieve an INR of 2.5 to 3.5. (Level of Evidence: C)

2. During the first 3 months after AVR or MV replace-
ment with a bioprosthesis, in patients with no risk
factors,* it is reasonable to give warfarin to achieve an

INR of 2.0 to 3.0. (Level of Evidence: C)
Class IIb

In high-risk patients with prosthetic heart valves in
whom aspirin cannot be used, it may be reasonable to
give clopidogrel (75 mg per day) or warfarin to
achieve an INR of 3.5 to 4.5. (Level of Evidence: C)

*Risk factors include atrial fibrillation, previous thromboem-
bolism, LV dysfunction, and hypercoagulable condition.

All patients with mechanical valves require warfarin therapy,
as indicated in Table 37 (934). Aspirin is recommended for all
patients with prosthetic heart valves: aspirin alone in patients
with bioprostheses and no risk factors, and aspirin combined
with warfarin in patients with mechanical heart valves and
high-risk patients with bioprostheses. In high-risk patients
who cannot take aspirin, the addition of clopidogrel to warfarin
therapy should be considered. Even with the use of warfarin,
risk of thromboemboli is 1% to 2% per year (171,172,174,
214,852,935), but the risk is considerably higher without
treatment with warfarin (936). The risk of a clinical thrombo-
embolism is on average 0.7% per year in patients with biolog-
ical valves in sinus rhythm; this figure is derived from several
studies in which the majority of patients were not undergoing
therapy with warfarin (171,172, 74,214,937). Almost all stud-
ies have shown that the risk of embolism is greater with a valve
in the mitral position (mechanical or biological) than with one
in the aortic position (172,178,852,936,938). With either type
of prosthesis or valve location, the risk of emboli is probably
higher in the first few days and months after valve insertion
(937), before the valve is fully endothelialized (804).
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9.2.2. Biological Valves

Because of an increased risk of thromboemboli during the
first 3 months after implantation of a biological prosthetic
valve, anticoagulation with warfarin is often used, especially
when the valve is in the mitral position (937), although most
centers use only aspirin for biological valves in the aortic
position. The risk is particularly high in the first few days
after surgery, and many centers start UFH as soon as the
risk of increased surgical bleeding is reduced (usually within
24 to 48 h), with maintenance of aPPT between 55 and 70
seconds. After an overlap of UFH and warfarin for 3 to 5
days, UFH may be discontinued when an INR of 2.0 to 3.0
is achieved. After 3 months, the tissue valve can be treated
like native valve disease, and warfarin can be discontinued in
more than two thirds of patients with biological valves
(174,937,960). In the remaining patients with associated
risk factors for thromboembolism, such as atrial fibrillation,
previous thromboembolism, or hypercoagulable condition,
lifelong warfarin therapy is indicated to achieve an INR of
2.0 to 3.0. Many would also recommend continuing anti-
coagulation in patients with severe LV dysfunction (ejection
fraction less than 0.30) (948).

9.2.3. Embolic Events During Adequate Antithrom-
botic Therapy

In the patient who has a definite embolic episode while
undergoing adequate antithrombotic therapy, the dosage of
antithrombotic therapy should be increased, when clinically
safe, as follows:

e Warfarin, INR 2.0 to 3.0: warfarin dose increased to
achieve INR of 2.5 to 3.5

e Warfarin, INR 2.5 to 3.5: warfarin dose may need to be
increased to achieve INR of 3.5 to 4.5

e Not taking aspirin: aspirin 75 to 100 mg per day should
be initiated

e Warfarin plus aspirin 75 to 100 mg per day: aspirin dose
may also need to be increased to 325 mg per day if the
higher dose of warfarin is not achieving the desired
clinical result

e Aspirin alone: aspirin dose may need to be increased to
325 mg per day, clopidogrel 75 mg per day per day
added, and/or warfarin added.

9.2.4. Excessive Anticoagulation

In most patients with INR above the therapeutic range,
excessive anticoagulation can be managed by withholding
warfarin and monitoring the level of anticoagulation with serial
INR determinations (804). Excessive anticoagulation (INR
greater than 5) greatly increases the risk of hemorrhage.
However, rapid decreases in INR that lead to INR falling
below the therapeutic level increase the risk of thromboembo-
lism. Patients with prosthetic heart valves with an INR of 5 to
10 who are not bleeding can be treated by withholding
warfarin and administering 1 to 2.5 mg of oral vitamin K1
(phytonadione) (804,961). The INR should be determined
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after 24 h and subsequently as needed. Warfarin therapy is
restarted and adjusted dose appropriately to ensure that the
INR is in the therapeutic range. In emergency situations, the
use of fresh frozen plasma is preferable to high-dose vitamin
K1 (962), especially parenteral vitamin K1, because use of the
latter increases the risk of overcorrection to a hypercoagulable
state. Low-dose intravenous vitamin K (1 mg) appears safe in
this situation (963).

9.2.5. Bridging Therapy in Patients With Mechanical
Valves Who Require Interruption of Warfarin Therapy for
Noncardiac Surgery, Invasive Procedures, or Dental Care

Class 1

1. In patients at low risk of thrombosis, defined as those
with a bileaflet mechanical AVR with no risk factors,*
it is recommended that warfarin be stopped 48 to 72
h before the procedure (so the INR falls to less than
1.5) and restarted within 24 h after the procedure.
Heparin is usually unnecessary. (Level of Evidence: B)

2. In patients at high risk of thrombosis, defined as
those with any mechanical MV replacement or a
mechanical AVR with any risk factor, therapeutic
doses of intravenous UFH should be started when the
INR falls below 2.0 (typically 48 h before surgery),
stopped 4 to 6 h before the procedure, restarted as
early after surgery as bleeding stability allows, and
continued until the INR is again therapeutic with
warfarin therapy. (Level of Evidence: B)

Class Ila

It is reasonable to give fresh frozen plasma to pa-
tients with mechanical valves who require interrup-
tion of warfarin therapy for emergency noncardiac
surgery, invasive procedures, or dental care. Fresh
frozen plasma is preferable to high-dose vitamin K1.
(Level of Evidence: B)

Class IIb

In patients at high risk of thrombosis (see above),
therapeutic doses of subcutaneous UFH (15 000 U
every 12 h) or LMWH (100 U per kg every 12 h) may
be considered during the period of a subtherapeutic
INR. (Level of Evidence: B)

Class II1

In patients with mechanical valves who require in-
terruption of warfarin therapy for noncardiac surgery,
invasive procedures, or dental care, high-dose vita-
min K1 should not be given routinely, because this
may create a hypercoagulable condition. (Level of
Evidence: B)

*Risk factors: atrial fibrillation, previous thromboembolism,
LV dysfunction, hypercoagulable conditions, older-generation
thrombogenic valves, mechanical tricuspid valves, or more
than 1 mechanical valve.
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The risk of increased bleeding during a procedure per-
formed with a patient receiving antithrombotic therapy has
to be weighed against the increased risk of a thromboem-
bolism caused by stopping the therapy. The risk of stopping
warfarin can be estimated and is relatively slight if the drug
is withheld for only a few days. As an example, in a
worst-case scenario (e.g., a patient with a mechanical
prosthesis with previous thromboemboli), the risk of a
thromboembolism when the patient is not taking warfarin is
10% to 20% per year. Thus, if therapy were stopped for 3
days, the risk of an embolus would be 0.08% to 0.16%.
There are theoretical concerns that stopping the drug and
then reinstituting it might result in hypercoagulability or
that there might be a thrombotic “rebound.” An increase in
markers for activation of thrombosis with abrupt discontin-
uation of warfarin therapy has been observed (964), but it is
not clear whether the clinical risk of thromboembolism
increases (965). In addition, when warfarin therapy is
reinstituted, there are theoretical concerns about a hyperco-
agulable state caused by suppression of protein C and
protein S before the drug affects the thrombotic factors.
Although these risks are only hypothetical, individuals at
very high risk should be treated with heparin until INR
returns to the desired range.

Management of antithrombotic therapy must be individu-
alized, but some generalizations apply (934). Antithrombotic
therapy should not be stopped for procedures in which bleed-
ing is unlikely or would be inconsequential if it occurred, for
example, surgery on the skin, dental cleaning, or simple
treatment for dental caries. Eye surgery, particularly for cata-
racts or glaucoma, is usually associated with very little bleeding
and thus is frequently performed without alterations to anti-
thrombotic treatment. When bleeding is likely or its potential
consequences are severe, antithrombotic treatment should be
altered. If a patient is taking aspirin, it should be discontinued
1 week before the procedure and restarted as soon as it is
considered safe by the surgeon or dentist. Clopidogrel should
be stopped at least 5 days before the procedure.

Spyropoulos et al. performed a retrospective analysis of
costs and clinical outcomes associated with LMWH for
perioperative bridging in patients receiving long-term
oral anticoagulant therapy (966). The mean total health-
care costs in the perioperative period were significantly
lower (by $13 114) in patients receiving long-term oral
anticoagulant therapy with LMWH than in those receiv-
ing it with UFH for an elective surgical procedure. The
cost savings associated with LMWH use were accom-
plished through the avoidance or minimization of inpa-
tient stays and no increase in the overall rate of clinical
adverse events in the postoperative period (966).

For patients with a bileaflet mechanical aortic valve and no
risk factors, warfarin should be stopped before the procedure so
that the INR is less than 1.5 (which is often 48 to 72 h after
warfarin is discontinued) (934,967) and restarted within 24 h
after a procedure. Admission to the hospital or a delay in
discharge to give heparin is usually unnecessary (965,968-70).
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Patients at high risk of thrombosis include all patients with
mechanical mitral or tricuspid valve replacements and patients
with an AVR and any risk factors. Such risk factors include
atrial fibrillation, previous thromboembolism, hypercoagulable
condition, older-generation mechanical valves, LV dysfunction
(ejection fraction less than 0.30), or more than 1 mechanical
valve (971-973). When UFH is used, it should be started when
INR falls below 2.0 (i.e., 48 h before surgery) and stopped 4 to
6 h before the procedure. UFH should be restarted as early
after surgery as bleeding stability allows, and the aPTT should
be maintained at 55 to 70 s until warfarin is therapeutic.
LMWH is attractive because it is more easily used outside the
hospital. One study of bridging therapy for interruption of
warfarin included 215 patients with mechanical valves. In the
total group of 650 patients, the risk of thromboembolism
(including possible events) was 0.62%, with 95% confidence
intervals of 0.17% to 1.57%. Major bleeding occurred in 0.95%
(0.34% to 2.00%) (974). However, concerns about the use of
LMWH for mechanical valves persists, and package inserts
continue to list a warning for this use of these medications (815).

High-dose vitamin K1 should not be given routinely,
because this may create a hypercoagulable condition. For
emergency situations, fresh frozen plasma is preferable to
high-dose vitamin K1 (see Section 9.2.4).

9.2.6. Antithrombotic Therapy in Patients Who Need
Cardiac Catheterization/Angiography

In an emergency or semiurgent situation, cardiac catheter-
ization can be performed in a patient taking warfarin, but
preferably, the drug should be stopped, on average, 72 h
before the procedure so that INR is less than 1.5 (see
above). The drug should be restarted as soon as the
procedure is completed. This is true for patients with
biological valves who are receiving antithrombotic therapy
and for those with mechanical valves. If a patient has more
than 1 risk factor that predisposes to thromboembolism,
heparin should be started when INR falls below 2.0 and
should be continued when warfarin is restarted. After an
overlap of 3 to 5 days, heparin may be discontinued when
the desired INR is achieved. If the catheterization procedure
is to include a transseptal puncture (especially in a patient
who has not had previous opening of the pericardium),
patients should be removed from all antithrombotic therapy,
and INR should be less than 1.2; the same is true if an LV
puncture is to be performed (975). In patients who are to
undergo transseptal or LV puncture and are receiving
heparin therapy, heparin should be discontinued 4 to 6 h
before the procedure(s) and can be restarted without a bolus
more than 4 h after the sheath in the peripheral vessel has
been removed.

9.2.7. Thrombosis of Prosthetic Heart Valves

Class 1

1. Transthoracic and Doppler echocardiography is in-
dicated in patients with suspected prosthetic valve
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thrombosis to assess hemodynamic severity. (Level of
Ewvidence: B)

2. Transesophageal echocardiography and/or fluoros-
copy is indicated in patients with suspected valve
thrombosis to assess valve motion and clot burden.
(Level of Evidence: B)

Class Ila

1. Emergency operation is reasonable for patients with a
thrombosed left-sided prosthetic valve and NYHA
functional class III-IV symptoms. (Level of Evi-
dence: C)

2. Emergency operation is reasonable for patients with a
thrombosed left-sided prosthetic valve and a large
clot burden. (Level of Evidence: C)

3. Fibrinolytic therapy is reasonable for thrombosed
right-sided prosthetic heart valves with NYHA class
ITI-IV symptoms or a large clot burden. (Level of
Evidence C)

Class IIb

1. Fibrinolytic therapy may be considered as a first-line
therapy for patients with a thrombosed left-sided
prosthetic valve, NYHA functional class I-II symp-
toms, and a small clot burden. (Level of Evidence: B)

2. Fibrinolytic therapy may be considered as a first-line
therapy for patients with a thrombosed left-sided
prosthetic valve, NYHA functional class III-IV
symptoms, and a small clot burden if surgery is high
risk or not available. (Level of Evidence: B)

3. Fibrinolytic therapy may be considered for patients
with an obstructed, thrombosed left-sided prosthetic
valve who have NYHA functional class II-IV symp-
toms and a large clot burden if emergency surgery is
high risk or not available. (Level of Evidence: C)

4. Intravenous UFH as an alternative to fibrinolytic
therapy may be considered for patients with a throm-
bosed valve who are in NYHA functional class I-1I
and have a small clot burden. (Level of Evidence: C)

Obstruction of prosthetic heart valves may be caused by
thrombus formation, pannus ingrowth, or a combination of
both. The cause may be difficult to determine and requires
knowledge of the clinical presentation and findings on echo-
cardiography, including transesophageal echocardiography
(976-981). If the prosthesis is obstructed by pannus, fibrino-
lytic therapy will be ineffective, and the valve needs to be
replaced. Fibrinolytic therapy for a left-sided prosthetic valve
obstructed by thrombus is associated with significant risks
(cerebral emboli in 12% to 15% of cases) and is often
ineffective. Fibrinolytic therapy in such patients is reserved for
those in whom surgical intervention carries a high risk and
those with contraindications to surgery (976-980,982-986).

In patients with a “small clot” who are in NYHA
functional class I or II, treatment with short-term intrave-
nous UFH therapy or continuous infusion of fibrinolytic
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therapy may be considered (976-980,982-986). The size
threshold for this recommendation is difficult to define
because of the lack of large cohort studies and differing
thresholds from small studies (ranging from 5 to 10 mm, as
determined by transesophageal echocardiography), below
which intravenous UFH or fibrinolytic therapy is safe and
effective (976-978,984). The risk associated with clot size is
a continuous function, with 1 study showing an odds ratio of
2.41 per 1-cm? increment (978). Data support the use of
urokinase, streptokinase, or recombinant tissue plasminogen
activator as the fibrinolytic agents in this situation. Factors
that identify patients at risk for adverse outcomes of
fibrinolytic therapy include active internal bleeding, history
of hemorrhagic stroke, recent cranial trauma of neoplasm,
diabetic hemorrhagic retinopathy, large thrombi, mobile
thrombi, hypertension (greater than 200 over 120 mm Hg),
hypotension or shock, and NYHA functional class III-IV
symptoms. If fibrinolytic therapy is successful, it should be
followed by intravenous UFH until warfarin achieves an
INR of 3.0 to 4.0 for aortic prosthetic valves and 3.5 to 4.5
for mitral prosthetic valves. If partially successful, fibrino-
lytic therapy may be followed by a combination of subcu-
taneous UFH twice daily (to achieve an aPTT of 55 to 80 s)
plus warfarin (INR 2.5 to 3.5) for a 3-month period (985).

Patients with small thrombi who receive intravenous
UFH as first-line therapy and who do not respond success-
fully may receive a trial of continuous-infusion fibrinolytic
therapy. If fibrinolytic therapy is unsuccessful or there is an
increased risk associated with fibrinolytic therapy, reopera-
tion should be considered. An alternative in patients who
remain hemodynamically stable is to convert intravenous
UFH to combined therapy with subcutaneous UFH (twice
daily to an aPTT of 55 to 80 s) and warfarin (INR 2.5 to
3.5) for 1 to 3 months on an outpatient basis to allow for
endogenous fibrinolysis (985). If intravenous UFH, fibrino-
lytic therapy, combined UFH/fibrinolytic therapy, or com-
bined UFH/warfarin is successful, warfarin doses should be
increased so that INR is between 3.0 and 4.0 (approximately
3.5) for prosthetic aortic valves and between 3.5 and 4.5
(approximately 4.0) for prosthetic MVs. These patients
should also receive low-dose aspirin.

Thrombosis of mechanical tricuspid valve prostheses may

be treated with fibrinolytic therapy, although experience
with this is limited (987,988).

9.3. Follow-Up Visits

Class 1

1. For patients with prosthetic heart valves, a history,
physical examination, and appropriate tests should be
performed at the first postoperative outpatient eval-
uation, 2 to 4 weeks after hospital discharge. This
should include a transthoracic Doppler echocardio-
gram if a baseline echocardiogram was not obtained

before hospital discharge. (Level of Evidence: C)
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2. For patients with prosthetic heart valves, routine
follow-up visits should be conducted annually, with
earlier re-evaluations (with echocardiography) if there is
a change in clinical status. (Level of Evidence: C)

Class IIb

Patients with bioprosthetic valves may be considered
for annual echocardiograms after the first 5 years in
the absence of a change in clinical status. (Level of
Evidence: C)

Class II1

Routine annual echocardiograms are not indicated in
the absence of a change in clinical status in patients
with mechanical heart valves or during the first 5
years after valve replacement with a bioprosthetic
valve. (Level of Evidence: C)

9.3.1. First Outpatient Postoperative Visit

The first outpatient evaluation after valve surgery usually
occurs 3 to 4 weeks after hospital discharge. By this time,
the patient’s physical capabilities and expected improvement
in functional capacity can be assessed.

The workup on this visit should include an interval or
complete history and physical examination, ECG, chest X-ray,
2D and Doppler echocardiography, complete blood count,
blood urea nitrogen/creatinine, electrolytes, lactate dehydroge-
nase, and INR, if indicated. The main focus of the examination
is on signs that relate to function of the prosthesis or that might
suggest the presence of infection or a myocardial infarction,
conduction, or valvular disorder. Severe perivalvular MR may
be inaudible on physical examination, a fact to remember when
one considers the possible causes of functional deterioration in
a patient. In patients who undergo surgery in the setting of
acute valvular infection, the first postoperative visit may occur at
the end of a postoperative course of antibiotics. Surveillance blood
cultures may be indicated at this visit if 1 or more weeks have
passed since cessation of antibiotics to confirm bacteriologic cure.

Echocardiography is the most useful noninvasive test. It
provides information about prosthesis stenosis/regurgitation,
valve area, assessment of other valve disease(s), pulmonary
hypertension, atrial size, LV and RV hypertrophy, LV and RV
size and function, and pericardial effusion/thickening. It is an
essential component of the first postoperative visit because it
allows an assessment of the effects and results of surgery, as well
as serving as a baseline for comparison should complications or
deterioration occur later.

Every prosthetic heart valve has an intrinsic degree of
obstruction (857,989-992); one reason for obtaining a baseline
Doppler echocardiogram early after valve replacement is so that
this intrinsic gradient can be measured and compared with
subsequent measurements if necessary. The gradient varies
among different types of prosthetic valves. Doppler echocardi-
ography also detects the prosthetic valve regurgitation that is
normal for various types of mechanical valve.
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Multiple other noninvasive tests (e.g., cardiac magnetic
resonance) have emerged for the assessment of valvular and
ventricular function, but these should be performed only in
selected patients for specific indications. Fluoroscopy can reveal
abnormal rocking of a dehiscing prosthesis, limitation of the
occluder if the latter is opaque, and strut fracture of the
convexoconcave Bjork-Shiley valve. Radionuclide angiography
or cardiac magnetic resonance is useful to determine whether
functional deterioration is the result of reduced ventricular
function and is performed if the same data cannot be obtained
by echocardiography. Cardiac magnetic resonance is safe for all
commercially available prosthetic heart valves.

9.3.2. Follow-Up Visits in Patients Without Complications

Patients who have undergone valve replacement are not cured
but still have serious heart disease. They have exchanged native
valve disease for prosthetic valve disease and must be followed
with the same care as patients with native valve disease (993).
The clinical course of patients with prosthetic heart valves is
influenced by several factors (857), including LV dysfunction,
progression of other valve disease, pulmonary hypertension,
other cardiac diseases, complications of prosthetic heart valves,
and clinical heart failure. The interval between routine follow-up
visits depends on the patient’s needs. Anticoagulant regulation
does not require visits to the physician’s office but should be closely
supervised by an experienced healthcare professional.

The asymptomatic uncomplicated patient needs to be seen
only at 1-year intervals, at which time a complete history and
thorough physical examination should be performed. ECG
and chest X-ray examinations are not routinely indicated but
are valuable in individual patients. Additional tests that are
often performed include hemoglobin, hematocrit, and lactate
dehydrogenase. No further echocardiographic testing is re-
quired after the initial postoperative evaluation in patients with
mechanical valves who are stable and who have no symptoms
or clinical evidence of LV dysfunction, prosthetic valve dys-
function, or dysfunction of other heart valves, in keeping with
the ACC/AHA/ASE 2003 Guidelines for the Clinical Ap-
plication of Echocardiography (2). Once regurgitation is de-
tected, close follow-up with 2D and Doppler echocardiogra-
phy every 3 to 6 months is indicated. Echocardiography is
indicated in any patient with a prosthetic heart valve whenever
there is evidence of a new murmur or change in clinical status,
when there are questions about prosthetic valve integrity and
function, and when there are concerns about ventricular function.

9.3.3. Follow-Up Visits in Patients With Complications

Class 1

Patients with LV systolic dysfunction after valve
surgery should receive standard medical therapy for
systolic heart failure. This therapy should be contin-
ued even if there is improvement of LV dysfunction.
(Level of Evidence: B)

LV dysfunction and clinical heart failure after valve
replacement may be the result of
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e preoperative LV dysfunction that persists or improves
only partially

perioperative myocardial damage

other valve disease that has progressed

complications of prosthetic heart valves

associated heart disease such as CAD and systemic
hypertension.

Any patient with a prosthetic heart valve who does not
improve after surgery or who later shows deterioration of
functional capacity should undergo appropriate testing,
including 2D and Doppler echocardiography and, if neces-
sary, transesophageal echocardiography and cardiac cathe-
terization with angiography to determine the cause. Patients
with postoperative LV systolic dysfunction, even if asymp-
tomatic, should receive standard medical therapy for systolic
heart failure, and this therapy should be continued indefi-
nitely even if there is improvement in systolic function
and/or symptoms. All patients should also receive primary
and secondary prevention measures to reduce the risk of
future cardiovascular events.

9.4. Reoperation to Replace a Prosthetic Valve

Reoperation to replace a prosthetic heart valve is a serious
clinical event. It is usually required for moderate to severe
prosthetic dysfunction (structural and nonstructural), dehis-
cence, and prosthetic endocarditis. Reoperation may also be
needed for recurrent thromboembolism, severe intravascular
hemolysis, severe recurrent bleeding from anticoagulant
therapy, and thrombosed prosthetic valves In a patient with
a small aortic annulus, valve prosthesis-patient mismatch
may occur after AVR (856,989-992,994,995), especially if a
stented bioprosthesis is used. If a patient with AS does not
improve clinically after AVR, prosthetic valve function
should be evaluated. In selected situations, repeat AVR to
replace a malfunctioning prosthesis may be necessary.

The patient who is in stable condition without prosthetic
valve endocarditis under many circumstances undergoes
reoperation with only slightly greater risk than that accom-
panying the initial surgery. For the patient with catastrophic
prosthetic valvular dysfunction, surgery is clearly indicated
and urgent. The patient without endocarditis or severe
prosthetic valve dysfunction requires careful hemodynamic
evaluation, and the decision about reoperation should then
be based on hemodynamic abnormalities, symptoms, ven-
tricular function, and current knowledge of the natural
history of the particular prosthesis.

10. EVALUATION AND TREATMENT OF CORONARY
ARTERY DISEASE IN PATIENTS WITH VALVULAR
HEART DISEASE

Many patients with valvular heart disease have concomitant
CAD, but there are only limited data regarding the optimal
strategies for diagnosis and treatment of CAD in such patients.
Thus, management decisions are usually developed by blend-
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ing information from the randomized studies of treatment of
CAD and the smaller published series of patients undergoing
surgical treatment of valvular heart disease.

10.1. Probability of Coronary Artery Disease in Patients
With Valvular Heart Disease

The probability of developing CAD in the general
population (996) and the prevalence of CAD in patients
who come to medical attention (997) can be estimated on
the basis of age, sex, and clinical risk factors. The
prevalence of CAD in patients with valvular heart disease
is determined by these same variables (998). Risk factors
for coronary atherosclerosis in patients with valvular
disease should be approached with the prevention and
risk reduction strategies that have been recommended for
the general population (999).

Ischemic symptoms are important markers of CAD in
the general population. Thus, the prevalence of CAD
(average) has been estimated at 90% in middle-aged men
with typical angina , 50% in those with atypical angina,
16% in those with nonanginal chest pain, and 4% in
asymptomatic subjects (997). On the basis of data from
the Framingham Study, the rate of CAD increases with
age, and in asymptomatic individuals who are low risk, it
ranges from 1% to 6%. In those aged less than 45 years,
the risk is 1% to 2% (1000). In contrast, ischemic
symptoms in patients with valvular heart disease may
have multiple causes, such as LV chamber enlargement,
increased wall stress or wall thickening with subendocar-
dial ischemia (1001), and RV hypertrophy (1002). An-
gina is thus a less specific indicator of CAD in patients
with valvular heart disease than in the general population.

Among patients with severe AS, angina is a common
symptom in young patients with normal coronary arteries and
congenital or rheumatic AS. On the other hand, CAD is a
common finding in older symptomatic men with AS. Among
patients with AS, the prevalence of CAD is 40% to 50% in
those with typical angina, an average 25% in those with
atypical chest pain, and an average 20% in those without chest
pain (1003-1010). Even in patients less than 40 years old with
no chest pain and no coronary risk factors, the prevalence of
CAD is 0% to 5% (998,1005,1011). In elderly patients (greater
than 70 years old), angina is a strong determinant of CAD
(sensitivity 78%, specificity 82%) (1012). Calcification of the
aortic valve is also associated with a high presence of CAD
(90%) (1013). In general, because angina is a poor marker of
CAD in patients with AS, coronary angiography is recom-
mended in symptomatic patients before AVR in men older
than 35 years; premenopausal women older than 35 years with
coronary risk factors, as well as asymptomatic men older than
45 years; women older than 55 years; and those with 2 or more
coronary risk factors.

CAD is less prevalent in patients with AR than in those
with AS (1003-1010,1014-1020), which is related in part to
the younger age of patients with AR. The prevalence of CAD
in patients with MS (an average of 20%) is lower than in
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patients with aortic valve disease (1015,1017,1018,1021,1022),
an observation explained principally on the basis of differences
in age and gender. Nonetheless, because of the impact of
untreated CAD on perioperative and long-term postoperative
survival, preoperative identification of CAD is of great impor-
tance in patients with AR or MS and those with AS. Thus, in
symptomatic patients and/or those with LV dysfunction,
preoperative coronary angiography is recommended in men
aged greater than 35 years, premenopausal women aged greater
than 35 years with coronary risk factors, and postmenopausal
women.

The relation between MR and CAD is unique in that
CAD is frequently the cause of this valve lesion. The
management of these patients is discussed in Section 3.6.5.
Neither angina nor heart failure symptoms are reliable
markers of CAD in these patients. In patients undergoing
catheterization to evaluate the cause and severity of MR,
CAD is present in an average of 33% (1023,1024). In
patients undergoing catheterization for acute ischemic syn-
dromes, an average of 20% have associated MR (1025).
Those with chronic CAD and MR usually have lower LV
ejection fractions and more extensive CAD than those
without MR (1023,1026). However, CAD is infrequent in
patients with degenerative MV disease undergoing surgery.
In a large series, only 1.3% of such patients had CAD, and
they only had single-vessel disease. Thus, routine coronary
angiography is not indicated in patients undergoing MV
surgery for MR due to MV degeneration in the absence of
symptoms and without risk factors when they are less than
45 years of age (1027).

10.2. Diagnosis of Coronary Artery Disease
Class 1

1. Coronary angiography is indicated before valve surgery
(including infective endocarditis) or mitral balloon
commissurotomy in patients with chest pain, other
objective evidence of ischemia, decreased LV systolic
function, history of CAD, or coronary risk factors
(including age). Patients undergoing mitral balloon
valvotomy need not undergo coronary angiography
solely on the basis of coronary risk factors. (Level of
Evidence: C)

2. Coronary angiography is indicated in patients with
apparently mild to moderate valvular heart disease but
with progressive angina (Canadian Heart Association
functional class II or greater), objective evidence of
ischemia, decreased LV systolic function, or overt con-
gestive heart failure. (Level of Evidence: C)

3. Coronary angiography should be performed before
valve surgery in men aged 35 years or older, premeno-
pausal women aged 35 years or older who have coronary
risk factors, and postmenopausal women. (Level of
Evidence: C)
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Class Ila

Surgery without coronary angiography is reasonable
for patients having emergency valve surgery for acute
valve regurgitation, aortic root disease, or infective
endocarditis. (Level of Evidence: C)

Class IIb

Coronary angiography may be considered for patients
undergoing catheterization to confirm the severity of
valve lesions before valve surgery without pre-
existing evidence of CAD, multiple coronary risk
factors, or advanced age. (Level of Evidence: C)

Class II1

1. Coronary angiography is not indicated in young
patients undergoing nonemergency valve surgery
when no further hemodynamic assessment by cathe-
terization is deemed necessary and there are no
coronary risk factors, no history of CAD, and no
evidence of ischemia. (Level of Evidence: C)

2. Patients should not undergo coronary angiography
before valve surgery if they are severely hemodynam-
ically unstable. (Level of Evidence: C)

The resting ECG in patients with valvular heart disease
frequently shows ST-segment changes due to LV hypertrophy,
LV dilatation, or bundle-branch block, which reduces the
accuracy of the ECG at rest and during exercise for the
diagnosis of concomitant CAD.

Similarly, resting or exercise-induced regional wall-motion
abnormalities are nonspecific markers for CAD in patients
with underlying valvular heart disease who have LV hypertro-
phy and/or chamber dilatation (1028—-1030), as are myocardial
perfusion abnormalities induced by exercise or pharmacological
stress (1029,1031-1034). Limited data are available on the use
of myocardial perfusion imaging with thallium-201 or
technetium-99m perfusion agents in patients with severe
valvular disease. Although some studies of perfusion imaging
in AS have demonstrated a sensitivity of 87% and a specificity
of 77%, the presence of CAD is missed in 13% of patients with
CAD (1035). Given the importance of determining the
presence of CAD, coronary angiography remains the most
appropriate method for the definitive diagnosis of CAD
(1004). Noninvasive imaging is useful when CAD is suspected
in patients with mild valve stenosis or regurgitation and normal
LV cavity size and wall thickness.

In patients undergoing emergency valve surgery for acute
AR, aortic dissection, or endocarditis with hemodynamic
instability, cardiac catheterization, aortography, and coronary
angiography are rarely required, are associated with increased
risk, and might delay urgent surgery unnecessarily (221,224~
227). Angiography should be considered only when the valve
diagnosis cannot be determined by noninvasive imaging and
when patients have known CAD, especially those with previ-
ous CABG (see Section 3.2.2.3).
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10.3. Treatment of Coronary Artery Disease at the Time
of Aortic Valve Replacement

Class 1

Patients undergoing AVR with significant stenoses
(greater than or equal to 70% reduction in luminal
diameter) in major coronary arteries should be
treated with bypass grafting. (Level of Evidence: C)

Class Ila

1. In patients undergoing AVR and coronary bypass
grafting, use of the left internal thoracic artery is
reasonable for bypass of stenoses of the left anterior
descending coronary artery greater than or equal to
50% to 70%. (Level of Evidence: C)

2. For patients undergoing AVR with moderate stenosis
(50% to 70% reduction in luminal diameter), it is
reasonable to perform coronary bypass grafting in
major coronary arteries. (Level of Evidence: C)

As noted previously, more than 33% of patients with AS
who are undergoing AVR have concomitant CAD. More than
50% of patients older than 70 years have CAD. Several studies
have reported the outcomes of patients undergoing combined
CABG and AVR. Although combined myocardial revascular-
ization and AVR increases cross-clamp time (1036) and has
the potential to increase perioperative myocardial infarction
and early postoperative mortality compared with patients
without CAD undergoing isolated AVR (1037-1040), in
several series, combined CABG has had little or no adverse
effect on operative mortality (1041-1047). Moreover, com-
bined CABG and AVR reduces the rates of perioperative
myocardial infarction, operative mortality, and late mortality
and morbidity compared with patients with significant CAD
who do not undergo revascularization at the time of AVR
(1045,1046,1048,1049). In addition to severity of CAD, the
multivariate factors for late postoperative mortality include
severity of AS, severity of LV dysfunction, age greater than 70
years (especially in women), and presence of NYHA functional
class IV symptoms (1046,1050,1051). Incomplete revascular-
ization is associated with greater postoperative systolic dysfunc-
tion (1052,1053) and reduced survival rates (1054) after surgery
compared with patients who receive complete revascularization.
For more than a decade, improved myocardial preservation tech-
niques have been associated with reduced overall operative
mortality (1055), and it has become standard practice to bypass
all significant coronary artery stenoses when possible in patients
undergoing AVR. The committee recommends this approach.

10.4. Aortic Valve Replacement in Patients Undergoing
Coronary Artery Bypass Surgery
Class 1

AVR is indicated in patients undergoing CABG who
have severe AS who meet the criteria for valve
replacement (see Section 3.1.7). (Level of Evidence: C)
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Class Ila

AVR is reasonable in patients undergoing CABG
who have moderate AS (mean gradient 30 to 50 mm
Hg or Doppler velocity 3 to 4 m per second). (Level
of Evidence: B)

Class IIb

AVR may be considered in patients undergoing
CABG who have mild AS (mean gradient less than
30 mm Hg or Doppler velocity less than 3 m per
second) when there is evidence, such as moderate-
severe valve calcification, that progression may be
rapid. (Level of Evidence: C)

Patients undergoing CABG who have severe AS should
undergo AVR at the time of revascularization. Decision
making is less clear in patients who have CAD that requires
CABG when these patients have mild to moderate AS. Contro-
versy persists regarding the indications for “prophylactic” AVR at
the time of CABG in such patients. This decision should be made
only after the severity of AS is determined by Doppler echocar-
diography and cardiac catheterization.

Confirmation by cardiac catheterization is especially impor-
tant in patients with reduced stroke volumes, mixed valve
lesions, or intermediate mean aortic valve gradients (between
30 and 50 mm Hg) by Doppler echocardiography, because
many such patients may actually have severe AS (as discussed
in Section 3.1.6). The more complex and controversial issue is
the decision to replace the aortic valve for only mild AS at the
time of CABG, because the degree of AS may become more
severe within a few years, necessitating a second, more difficult
AVR operation in a patient with patent bypass grafts.

It is difficult to predict whether a given patient with CAD
and mild AS is likely to develop significant AS in the years
after CABG. As noted previously (see Section 3.1.3), the
natural history of mild AS is variable, with some patients
manifesting a relatively rapid progression of AS with a decrease
in valve area of up to 0.3 cm® per year and an increase in
pressure gradient of up to 15 to 19 mm Hg per year; however,
the majority may show little or no change (61,86—
95,107,1056). The average rate of reduction in valve area is
0.12 cm? per year (61), but the rate of change in an individual
patient is difficult to predict.

Retrospective studies of patients who have come to AVR
after previous CABG have been reported in which the mean
time to reoperation was 5 to 8 years (1057-1062). The aortic
valve gradient at the primary operation was small, less than 20
mm Hg, but the mean gradient increased significantly to
greater than 50 mm Hg at the time of the second operation.
These reports represent selected patients in whom AS pro-
gressed to the point that AVR was warranted. The number of
patients in these surgical series who had similar gradients at the
time of the primary operation but who did not have significant
progression of AS is unknown.

Although definitive data are not yet available, patients with
intermediate aortic valve gradients (mean gradient 30 to 50
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mm Hg at catheterization or transvalvular velocity of 3 to 4 m
per second by Doppler echocardiography) who are undergoing
CABG may warrant AVR at the time of revascularization
(181-185), whereas patients with gradients below 10 mm Hg
do not need valve replacement. The degree of mobility and
calcification are also important factors predicting more rapid
progression of aortic disease and should be taken into consid-
eration, particularly in those with gradients between 10 and 25
mm Hg (98,181,185-187,1063-1066). Because of the lack of
data, controversy exists regarding AVR at the time of CABG,

and the strength of these recommendations is reduced.

10.5. Management of Concomitant Mitral Valve Disease
and Coronary Artery Disease

Most patients with both MV disease and CAD have ischemic
MR, as discussed in Sections 3.6.5 and 7.3.1.3. In patients with
1 to 2+ MR, ischemic symptoms usually dictate the need for
revascularization. Patients with more severe ischemic MR
usually have significant LV dysfunction, and the decision to
perform revascularization and MV repair is based on symp-
toms, severity of CAD, LV dysfunction, and inducible myo-
cardial ischemia.
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In patients with MV disease due to diseases other than
ischemia, significantly obstructed coronary arteries identified at
preoperative cardiac catheterization are generally revascularized
at the time of MV surgery. There are no data to indicate the
wisdom of this general policy, but because revascularization
usually adds little morbidity or mortality to the operation, the
additional revascularization surgery is usually recommended.
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APPENDIX 3. Abbreviation List

ACC = American College of Cardiology

ACCF = American College of Cardiology Foundation

ACE = angiotensin converting enzyme
AHA = American Heart Association

aPTT = activated partial thromboplastin time
AR = aortic regurgitation

AS = aortic stenosis

AVR = aortic valve replacement

CABG = coronary artery bypass graft surgery
CAD = coronary artery disease

ECG = electrocardiogram

FDA = Food and Drug Administration

HIV = human immunodeficiency virus

INR = international normalized ratio
LMWH = low-molecular-weight heparin
LV = left ventricular

MR = mitral regurgitation

MS = mitral stenosis

MV = mitral valve

MVP = mitral valve prolapse

NYHA = New York Heart Association
RV = right ventricular

STS = Society of Thoracic Surgeons
TR = tricuspid regurgitation

2D = two-dimensional

UFH = unfractionated heparin
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CORRECTIONS

In the article by Bonow RO, Carabello BA, Chatterjee K, et al., “ACC/AHA 2006 guidelines for the management of
patients with valvular heart disease: a report of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to Develop Guidelines for the Management of Patients With Valvular Heart
Disease),” which appeared in the August 1, 2006, online issue of the journal (J] Am Coll Cardiol 2006;48:¢1-148), the
following correction should be made. This error has been corrected in the current online version of the article.

On page €112, Section 9.2, Class I, Recommendation 6, “INR of 2.5 to 3.5” should be changed to “INR of 2.0 to 3.0”
to read “After MV replacement with a bioprosthesis and risk factors, warfarin is indicated to achieve an INR of 2.0 to 3.0.
(Lewvel of Evidence: C)”

doi:10.1016/j.jacc.2007.02.003

In the article by Bonow RO, Carabello BA, Chatterjee K, et al., “ACC/AHA 2006 guidelines for the management of
patients with valvular heart disease— executive summary: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing Committee to Develop Guidelines for the Management of Patients
With Valvular Heart Disease),” which appeared in the August 1, 2006, issue of the journal (J Am Coll Cardiol
2006;48:598-675), the following correction should be made:

On page 654, Section IX, Recommendation 6, “INR of 2.5 to 3.5” should be changed to “INR of 2.0 to 3.0” to read “After
MV replacement with a bioprosthesis and risk factors, warfarin is indicated to achieve an INR of 2.0 to 3.0. (Lewve/ of
Evidence: C)”

d0i:10.1016/j.jacc.2007.02.002

In “ACC/AHA Pocket Guideline Based on the ACC/AHA 2006 Guideline Revision: Management of Patients With
Valvular Heart Disease” (PDF available at http://www.acc.org), by Bonow RO, Carabello BA, Chatterjee K, et al., the
following correction should be made:

On page 48, Recommendation 6, “INR of 2.5 to 3.5” should be changed to “INR of 2.0 to 3.0” to read “After MVR with
a bioprosthesis in patients with risk factors, warfarin is indicated to achieve an INR of 2.0 to 3.0. (Leve/ of Evidence: C)”

d0i:10.1016/j.jacc.2007.02.001
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